INTRODUCTION
The ark shell, S. subcrenata, is one of a commercially important edible bivalves in East Asian countries, including Korea, China, and Japan. In Korea, this species is found mainly in silty sand at the intertidal and subtidal zones in the coastal waters of Paenyondo, Kyunggi-do, Korea (Yoo, 1976; Kwon et al., 1993; Min et al., 2004) . Due to past over-harvesting, it has been identified as a fisheries re- subcrenata, including aspects of maturation and spawning (Tanaka, 1954) , larval development (Yoshida, 1953) , propagation (Yoo, 1964) , morphological characteristics (Yoo, 1977) , spermatogenesis the reproductive cycle and ultrastructural characteristics of mature sperm (Kim et al., 2011) .
On ecology, its distribution (Kwon et al., 1993; Min et al., 2004 ) was reported.
Despite this, there are still gaps in our knowledge regarding its reproductive biology. Above all, studies on the process of vitellogenesis by oocyte developmental stages in oocytes during oogenesis, and the functions of the follicle cells associated with the supply of nutrients for oocyte development are required to understand reproductive biology of S. subcrenata. In many bivalve species, it is well known that the ovaries contain follicle cells (or auxiliary cells), a kind of accessory cells, that play a role in the storage, and synthesis of yolk precursors during oogenesis (Chung, 2008) .
Therefore, the purpose of present study is to describe oocyte development, vitellogenesis in the oocyte, and the functions of follicle cells during oogenesis. In addition, the aim of this study is to clarify the reproductive mechanism on vitellogenesis of S. subcrenata using cytological methods.
The results of ultrastructural studies of the germ cell developments and the functions of the follicle cells of this species will provide important information on its reproductive mechanisms of yolk formation.
MATERIALS AND METHODS

Sampling
Female specimens of Scapharca subcrenata were collected monthly in the intertidal and subtidal zones of Paenyondo, Ongin-gun, Inchon, Korea, from January to December, 2008 ( Fig. 1) . For the electron microscopic observations, the clams were then transported to the laboratory where they were maintained in seawater at 20°C. Tissue sections were mounted on collodion-coated copper grids, doubly stained with uranyl acetate followed by lead citrate, and observed with a JEM 100 CX-Ⅱ 80-KV) electron microscope.
RESULTS
Position and morphology of the ovary
The ark shell, S. subcrenata, is dioecious organism. The general morphology and internal structure of the ovary of 
Ultrastructure of germ cells and follicle cells during oogenesis
Based on ultrastructural observations, ovarian activity and morphological characteristics of oocytes during oogenesis can be classified into four distinct phases of oogenesis were distingushed in germ cells, that is, (1) oogonia, (2) previtellogenic oocytes, (3) vitellogenic oocytes, and (4) mature oocytes (Eckelbarger & Davis, 1996) . Ultrastructural characteristics in vitellogenesis by each stage of the oocytes, including oocyte degeneration, are as follow:
1) Oogonia
Commonly, the primary oogonia (about 10-11 μm in diameter) were round or oval in shape. They processed a large ovoid nucleus, in which the chromatin is reticular and marginal. They were found individually or a cluster on the follicular walls. Each primary oogonium contained a nucleolus in the large nucleus, The primary oogonium divided mitotically to produce secondary oogonia. Several mitochondria and vacuoles were present in the cytoplasm of the primary and secondary oogonia. However, vitellogenic characteristics could not be found in this stage because cellular developments of cell organelles in the cytoplasm were very weak ( Fig. 2A) .
2) Previtellogenic oocytes
The secondary oogonia developed into previtellogenic oocytes through the first prophase of meiosis. Previtellogenic oocytes were slightly pedunculated, small and oval in shape, commonly they occurred near an oogonium, previtellogenic oocytes and a few vitellogenic oocytes in the oogenic follicle under the photomicrograph (Figs. 2B, 2C ).
At the beginning of cytoplasmic growth of the previtellogenic oocyte, a large nucleolus in the nucleus was found, and several mitochondria, the rough endoplasmic reticulum, and several vacuoles were concentrated around the perinuclear region in the cytoplasm. During the previtellogenic stage, the nucleus and cytoplasm of the this oocyte increased in volume in this oocyte. The nucleus and oocyte diameters were 4-5 μm and 20-28 μm, respectively. However, in this stage, the activity of vitellogenic characteristics in the previtellogenic oocyte showed still weak because yolk materials were not found by cell organelles in the cytoplasm.
At this time, in particular, follicle cells measuring 6-8 μm in diameter were attached to each of previtellogenic oocyte.
In particular, electron dense marginal chromatin materials appeared in the nucleus, and rough endoplasmic reticulum and several mitochondria were present in cytoplasm of the follicle cell. Progressively the oocyte was surrounded with the follicle cells. Thereafter, the follicle cells attaching to the previtellogenic oocyte were gradually enlarged, and possessed a dense marginal chromatin in the nucleus, and contained rough endoplasmic reticulum, the Golgi complexes and several mitochondria in the cytoplasm (Fig. 2C ).
3) Vitellogenic oocytes
As the further development of previtellogenic oocytes (Fig. 2D) . At the same time, a number of vacuoles and the Golgi products produced
4) Early vitellogenic oocytes
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by the Golgi complex appeared in the cytoplasm of the early vitellogenic oocytes (Fig. 2E) . A number of lipid droplets were accumulated in the vacuoles (Fig. 2F) . (Fig. 2H ).
In the early vitellogenic oocyte, especially, lipid droplets that were surrounded by mitochondria and a large quantity of well-developed endoplasmic reticula appeared near the cortical layer (Fig. 3A) .
5) Late vitellogenic oocytes
In the late vitellogenic stage, the early vitellogenic oocyte developed into the late vitellogenic oocytes. During the late vitellogenic oocyte, after a number of modified mitochondria appear in the cytoplasm of the late vitellogenic oocyte, and they are involved in formation of a number of multivesicular bodies by the structural changes of the mitochodrial cristae (Fig. 3B ). In particular, in these oocytes, cortical granules appeared at the cortical region near the vitelline envelope.
Especially, in this stage, exogenous yolk precursors, which PHA, phagosome; RER, rough endoplasmic reticulum; YP, yolk precursor.
was produced through the process of heterosynthetic vitellogenesis, were transferred into proteinaceous yolk granules.
A number of yolk precursors, proteinaceous yolk granules, immature yolk granules lipid droplets, and yolk precursors appeared in the cytoplasm of the late vitellogenic oocyte (Fig. 3C) . However, at this time follicle cells that were attached to the oocytes gradually lost their intimate association with the surface of the oocyte, and microvilli appeared along the vitelline envelope where the follicle cells had withdrawn.
6) Mature oocytes
In the mature stage, follicle cells that were attached to mature oocytes lost their intimate association with the surface of the oocyte, and microvilli appeared along the vitelline envelope where the follicle cells had withdrawn.
In the mature oocytes, the thick vitelline envelope of the mature oocyte was slightly separated from follicular walls (the germinal epithelium). In the cytoplasm of the mature oocyte, small immature yolk granules continuously mixed with each other and became larger, mature yolk granules.
The mature yolk granules were composed of three components:
(1) a crystalline core, (2) an electron-lucent cortex, and (3) a limiting membrane. The vitelline envelope of the mature oocyte was approximately 0.45 μm thick and was surrounded by a jelly coat (Fig. 3D ).
DISCUSSION
In this study, the Golgi complex formed vacuoles and vesicles in the previtellogenic oocyte, as seen in other bivalves: M. edulis (Pipe, 1987), C. virginica (Eckelbarger and Davis, 1996) , P. yessoensis (Chung et al., 2005) and C.
(A.) farreri farreri (Chung, 2008) . In the early vitellogenic oocyte, many authors (Pipe 1987; Dorange and Le Pennec, 1989; Gaulejac et al., 1995) suggested that the formation of lipid droplets occurred during vitellogenesis in oocytes in several species, however, no clear morphological evidence has yet been provided for the processes involved in lipid droplet formation. In the present study, lipid droplets appeared among the Golgi complex, well-developed endoplasmic reticulum, and mitochondria in the cytoplasm of the early vitellogenic oocytes. Therefore, it is assumed that various cell organelles may be involved in the formation of lipid droplets through the process of endogeneous autosynthetic vitellogenesis (Chung et al., 2005 Chung, 2007 Chung, , 2008 .
In particular, exogenous heterosynthetic vitellogenesis edulis (Pipe, 1987) , P. yessoensis (Chung et al., 2005) , C.
(A.) farreri farreri (Chung, 2008) .
In particular, in these oocytes, cortical granules appeared at the cortical region near the vitelline envelope. Especially, in this stage, exogenous yolk precursors, which was pro- , 1996) and M. edulis (Pipe, 1987) . Because the follicle cells attach to the oocyte in the early stages of oogenesis and gradually detach from the vitellogenic oocyte, it is assumed that follicle cells function as nutritive cells in the early development of the oocytes (Chung et al., 2005; Chung, 2007) . At this stage, a small number of vacuoles and a few myelin-like organelles were visible in the cytoplasm of the follicle cells near the adherence zone.
The attached follicle cells showed progressive cytological modifications as their cytoplasmic volume increased in C.
virginica (Eckelbarger and Davis, 1996) and M. edulis (Pipe, 1987 (Pipe, 1987) . Pipe (1987) 1996) and M. edulis (Pipe, 1987) , and gradually detach from the vitellogenic oocyte, therefore, it is assumed that follicle cells function as nutritive cells in the early development of the oocytes (Chung et al., 2005; Chung, 2007) .
In this study, the number of lipid granules gradually increased in follicle cells during gametogenesis; this function can permit a transfer of yolk precursors necessary for vitellogenesis and allow for the accumulation of reserves in the cytoplasm as glycogen particles and lipids, which can be employed by vitellogenic oocytes (Gaulejac et al., 1995) . In particular, a number of vacuoles, degenerating yolk granules, ditended endoplasmic reticulum, some phagosomes (or phagolysosomes lysosomes) are occurred (produced)
by various lysosomes. In particular, a large number of lipid granules and a large amount of glycogen particles are reserved or accumulated in the cytoplasm of degenerated oocytes or degenerating follicle cells after the spawning period. These kinds of nutrients can be employed by vitellogenic oocytes for vitellogenesis and egg production.
